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Abstract Because of the rapidly growing population, new

settlement areas are required, and finding an appropriate

location is always difficult, especially in mountainous

areas. In these regions, efficient use of the existing settle-

ment areas or rehabilitating unsuitable areas for settlement

is the most common application. The Citlakkale (Giresun-

NE Turkey) District residential area, located on a steep

slope where debris crops out, was selected as an application

site for this study. Following the slope excavation to

establish a new settlement in the study area, an instability

problem occurred. In order to investigate the causes and

mechanism of the failure and to determine the remedial

measures, detailed geotechnical studies were performed.

Inclinometer measurements revealed that it is a composite

sliding with a very slow velocity. Stability of the slope

debris was investigated using limit equilibrium (LE) and

the finite element method-based shear strength reduction

(FEM-SSR) analyses in three stages. These were slope

stability analyses for pre- and post-excavation cases and

possible remedial measures. According to the stability

analyses, the slope excavation was found to be major factor

in the occurrence of the failure. Based on the gathered data,

retaining wall having a lateral active force higher than

9524 kN was considered to be economical and practical

solution as a remediation method. Furthermore, integrating

the LE and FEM-SSR methods give useful and reasonably

reliable results in assessing the stability of soil slopes.

Keywords Slope stability � Excavation � LE and FEM-

SSR methods � Remediation

Introduction

Mass movement is one of the most damaging and costly

natural hazards of the earth that occur abruptly and cause

significant damage. Every year worldwide, this process

causes deathly casualties and remarkable direct and indi-

rect economic losses. Over the past 30 years, international

research institutions and many governments in the world

have expended notable amount of resources in appraising

mass movement hazards (Guzzetti et al. 1999).

In Turkey, particularly in the eastern Black Sea region

(EBSR) (Fig. 1), many mass movements occur frequently

and cause monetary losses annually. In the literature it was

reported that the high frequency of heavy rainfalls, steep

slopes, weathering, and human activities are the main

triggering factors for mass movements observed in EBSR

(e.g. Genc 1993; Bulut et al. 2000; Akgun and Bulut 2007;

Yalcin and Bulut 2007; Akgun et al. 2008; Kesimal et al.

2008; Yalcin 2008; Karsli et al. 2009; Akgun 2011;

Nefeslioglu et al. 2011; Nefeslioglu and Gokceoglu 2011;

Reis et al. 2012; Alemdag et al. 2013, 2014, 2015; Kara-

man 2013; Karaman et al. 2013; Avsar et al. 2014; Osna

et al. 2014; Kaya et al. 2015, 2016; Topsakal and Topal

2015). Because of the growing population, new settlement

areas are required in mountainous areas of EBSR. The

preliminary geotechnical works are not generally per-

formed for the selection of settlement areas. Therefore,

each human activity impacts the environment doing

changes in the stress conditions, natural balance, and nat-

ural morphology. As a result, many stability and engi-

neering problems have occurred in this region and
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threatened the residents. Following the slope excavation

with an approximate length of 100 m and a height of 13 m

(Fig. 2a) to obtain a new settlement area in Citlakkale

District located in mountainous area of EBSR where the

incline of slope is approximately 20�, an impending failure

occurred in late-March 2014. This failure damaged 12

houses, caused developing of cracks on the ground, tilting

of fences and tree bodies (Fig. 2b–g). Therefore, detailed

geotechnical studies including field measurements, labo-

ratory studies, and slope stability analyses were carried out

to understand the occurrence mechanism of the failure and

to determine the triggering factors and reliable remedial

measures needed to stabilize the region.

Geology of the study area

Eastern Pontide is subdivided into southern and northern

zones (Ketin 1966) on the basis of lithological and struc-

tural evidence. The study area is situated in the northern

part of the Eastern Pontide Tectonic Assembly, Black Sea

Region, Turkey. The geological map of the study and

surrounding area is drawn and depicted in Fig. 3.

The Late Jurassic-Early Cretaceous aged Berdiga For-

mation conformably overlies the Late Cretaceous-Pale-

ocene aged volcanic sedimentary rocks. These rocks

comprise four units, namely the Catak, Kizilkaya, Cagla-

yan, and Bakirkoy formations, separated by their rock

associations. The Eocene aged Kabakoy Formation is

widely outcropped in the northern zone of the Eastern

Pontide. Quaternary alluvium and slope debris are the

youngest units in the area (Guven 1993).

Geological units of the Kizilkaya Formation are widely

cropped out along the N–S direction in the area. This

formation is composed of rhyodacite, dacite, and their

pyroclastites with clayey and sandy limestone intercala-

tions. The rocks are generally well jointed, while fresh

surfaces are white, beige, or whitish gray on weathered

surfaces. Dacitic and rhyodacitic rocks are characteristi-

cally brownish, reddish, and yellowish or buff colored.

Kizilkaya Formation overlies the studied debris unit

consisting of tabular, angular, and sometimes less round-

Fig. 1 Location map of the study area
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Fig. 2 a Slope excavation, b, c deformations on the houses and d–g tension cracks on the ground formed by mass movement in the study area
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shaped gravels and blocks that are composed in general of

limestone and basalt. Contents of the gravels and blocks in

different lithology unlike the acidic rocks of Kizilkaya

Formation prove that it has been transported away from its

original place. The amount of clay, silt, and sand is more

abundant than gravel and block materials.

Geotechnical studies

Data collection was performed by means of surface and

underground studies. Geotechnical properties of the slope

debris were determined based on the field observations/

measurements, laboratory tests, and back analyses. In total,

12 boreholes were drilled within the study area. All bore-

holes were used for inclinometer measurements, ground

water level and depth of bedrock determinations, and

sampling. Laboratory tests such as particle size distribu-

tion, consistency limits, unit weight, and triaxial tests were

carried out on these samples. In three profiles, seismic

refraction studies were performed. The detailed informa-

tion obtained from geotechnical studies are given below.

Borehole investigations

Twelve boreholes with a total length of 301 m were drilled

in order to investigate the ground water level, variation in

the thickness of the slope debris, execute inclinometer

measurements, and undisturbed/disturbed sampling

(Figs. 4, 5). The data obtained from the investigation

boreholes showed that the slope debris consisting of clay,

silt, sand, and gravel-sized particles, has a thickness

ranging from 10 to 18 m, and Kizilkaya Formation overlies

the debris unit. The ground water exists at a depth between

8.3 and 17.0 m. The depth of boreholes, thickness of slope

debris, and ground water level are presented in Table 1.

Geophysical investigations

The geophysical studies were carried out by using the

seismic refraction method in three lines in order to deter-

mine the dynamic deformation modulus (Edyn) and Pois-

son’s ratio (mdyn) of the slope debris found in the Citlakkale

District residential area (Fig. 4). Seismic refraction is a

geophysical exploration method which uses the basis of

seismology to estimate the properties of the earth’s sub-

surface using the refracted seismic waves. This method has

been also successfully used to investigate the subsurface

features such as discontinuity detections, stratigraphic

relationships, karst problems, and depth of bedrocks. By

performing the seismic studies using a 12-channel Geo-

metrics ES3000 model seismograph, primary-wave (Vp)

and secondary-wave (Vs) velocities were determined. As

the results of seismic refraction studies were assessed, the

Fig. 3 Simplified geological map of the close vicinity of the study area (Modified from Guven 1993)
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Vp velocities for each Seismic Refraction Line (SL-1, SL-2,

SL-3) were found to be 667, 885, 479, and 290, 354,

252 m/s for Vs, respectively. These data obtained from the

seismic refraction method was used in calculation of the

dynamic elastic parameters (Edyn and mdyn) of slope debris.
The Edyn and mdyn values, which are necessary inputs in

numerical slope stability analyses were calculated with the

help of following equations proposed by Bowles (1988);

Edyn ¼ V
2
s 3V
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where Vp; primary-wave velocity (m/s) and Vs: secondary-

wave velocity (m/s).

As a result, the average Edyn and mdyn values were cal-

culated to be 25.03 GPa and 0.32, respectively.

Inclinometer measurements

The subsurface location of a landslide can be detected with

an inclinometer. The monitoring instruments are installed

within a borehole and can then take regular measurements

to determine the variation of the mass movements so that

the movement is recorded by data loggers.

To determine the subsurface location of the failure, all

boreholes were outfitted with the inclinometers and mea-

surements were recorded at every 50 cm interval. The

direction of the mass movement was obtained using the

movement vectors produced from the inclinometer mea-

surements. Table 2 shows the displacement measurements

that were taken from all boreholes. All measurements

showed that the failure surface is located at depths between

3.4 and 12.0 m. An example of the cumulative displace-

ment graph for BH-8 is presented in Fig. 6. The slide

Fig. 4 Engineering geological

map of the study area

Geotechnical assessment of a slope stability problem in the Citlakkale residential area … 879

123



movement is about 0.65 mm/day along the NW direction

considering the average rate for the period of the field

investigation. According to landslide movement classifi-

cation proposed by Varnes (1978), the mass movement in

Citlakkale District is described as ‘‘very slow’’ in terms of

its average daily velocity value. The inclinometer mea-

surements also provided important information about the

failure mode of this failure. Correlation of the inclinometer

measurements indicated that, this is a slide with composite

(circular ? linear) failure surface (Fig. 5).

Laboratory studies

Laboratory studies were carried out on disturbed and

undisturbed soil samples taken with Shelby tubes to

determine the physico-mechanical properties of the

debris unit. Natural and saturated unit weights, consis-

tency limits, and shear strength parameters were mea-

sured on these samples. The index properties, particle

size distribution, and consistency limits belong to debris

unit were determined according to ASTM (2009a,

2009b, 2010) standards. Considering the particle size

analyses of all samples, there was 0–19 % of gravel,

15–41 % sand, 34–53 % silt, and 12–39 % clay size

particles in the soil specimens taken from the study

area. Samples were categorized according to USCS

(Unified Soil Classification System) (ASTM 2011a) and

the slope debris in the study area was classified as MH

(high plasticity silt), CH (high plasticity clay), and SM

(silty sand).

Fig. 5 B–B0 cross-section showing the soil profile and slip surface

Table 1 Summary of the borehole data

Borehole no. Borehole depth (m) Borehole elevation (m) Slope debris thickness (m) Ground water depth (m)

BH-1 25.0 58 18.0 15.1

BH-2 21.0 65 18.0 14.5

BH-3 24.0 63 17.0 15.0

BH-4 30.0 60 16.5 14.7

BH-5 27.0 83 13.0 9.2

BH-6 22.0 87 12.5 11.0

BH-7 21.0 89 10.0 15.2

BH-8 25.0 110 15.0 16.0

BH-9 22.0 85 12.6 10.8

BH-10 24.0 73 14.0 8.3

BH-11 30.0 79 14.0 8.8

BH-12 30.0 95 11.2 17.0
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As it is known, after an excavation is made for cut, the

shear stress of soil is induced that may bring about its

failure in the undrained state. In this case, the peak shear

strength parameters of unfailed slope can be defined by

undrained tests. Therefore, in this study, the triaxial tests

were performed under consolidated-undrained (CU) con-

ditions on the undisturbed soil samples considering the

ASTM (2011b) standard in order to determine the cohesion

(c) and internal friction angle (/). According to CU test,

the c and / values were found to vary between

36.3–60.1 kPa and 8�–15�, respectively. The results of the

laboratory tests are summarized in Table 3.

Back analyses

The shear strength parameters of the failed landslide body

were determined from the limit equilibrium back analysis

method using the multiple solution of Sancio (1981). Back

analyses were performed along the selected A–A0, B–B0,
and C–C0 sections shown in Fig. 4, which were parallel to

the movement direction. In this method, assuming the limit

equilibrium condition (FOS = 1), the effective residual c0

and /0 values are satisfied. Taking into account the com-

posite shape of the failure surface, the back analysis of the

slope was carried out using the Janbu Method (Janbu 1973)

Fig. 6 Cumulative displacement of the BH-8

Table 2 Summary of the inclinometer measurement results

Borehole

no.

Borehole depth

(m)

Inclinometer casing

(m)

Slip surface

(m)

Displacement amount

(mm)

Measurement duration

(days)

Rate

(mm/day)

BH-1 25.0 23.5 2.5 46.4 58 0.8

BH-2 21.0 21.0 2.5 47.2 59 0.8

BH-3 24.0 23.0 3.0 18.6 62 0.3

BH-4 30.0 30.0 3.0 34.8 58 0.6

BH-5 27.0 11.0 10.5 55.8 62 0.9

BH-6 22.0 10.0 10.0 55.8 62 0.9

BH-7 21.0 20.5 8.0 30.5 61 0.5

BH-8 25.0 22.5 3.5 31.8 60 0.5

BH-9 22.0 17.5 10.0 42.2 60 0.7

BH-10 24.0 23.5 9.0 33.6 56 0.6

BH-11 30.0 29.0 9.5 44.8 56 0.8

BH-12 30.0 29.5 7.0 26.4 66 0.4
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by means of Slide v6.0 (Rocscience Inc. 2010) software.

The probabilistic analysis was applied to perform the back

analysis of two variables at the same time. Furthermore, in

order to get more reliable and realistic results, static loads

owing to surrounding buildings were taken into account

and tension cracks were added. The effective residual

cohesion and internal friction angle values were found to

be 6 kPa and 12.5�, correspondingly from the back anal-

yses (Fig. 7).

Finally, the shear strength parameters obtained from

back analyses were compared with the laboratory shear

strength parameters. Comparison of the shear strength

parameters reveals that a higher cohesion value was

attained from the laboratory tests as expected. The main

reason for this difference is due to the drainage of the

ground water. In CU tests, no water drainage takes place

during the shearing and pore pressure builds up. However,

it is assumed that soil slopes fail under drained conditions

in back analysis method. Therefore, the shear strength

parameters obtained from CU tests were used in the short-

term stability analyses of the unfailed slope body and back

analyses results were used in the long-term stability anal-

yses of the failed slope.

Assessment of slope stability

In the literature, stress analysis, limit equilibrium, empiri-

cal, numerical, and physical methods are commonly used

to determine the stability of the soil slopes (e.g. Fellenius

1936; Janbu 1954a, b; Bishop 1955; Bishop and Morgen-

stern 1960; Lowe and Karafiath 1959; Morgenstern and

Price 1967; Spencer 1967; Janbu 1968, 1973; USCE 1970;

Sarma 1973; Fell et al. 1996; Griffiths and Lane 1999;

Shukra and Baker 2003; Hammah et al. 2006; Li 2007;

Hart et al. 2008). These researchers have used different

methods in their studies which were conducted at either

local or regional scale according to the type of problem and

the properties of the soil. As these studies assessed, it is

seen that the limit equilibrium and finite element methods

are the most preferred by researchers. In limit equilibrium

(LE) method, which accounts for an important part of the

slope stability analysis methods, Mohr–Coulomb failure

criterion suggested by Mohr (1900) is predicated; a surface

having a failure possibility is chosen and the stress con-

dition that would cause the failure along this surface is

investigated. Then the shear stress that keeps the mass in

shear zone in equilibrium is calculated. The calculated

stress values are compared and factor of safety (FOS) is

determined accordingly (Alemdag et al. 2015). Numerical

stability analysis methods are useful tool that allow

designers to compare and control the validity of LE anal-

yses results. Because of the rapid advances in computer

systems, FEM-SSR (finite element method-shear strength

reduction) technique based software is increasingly used

today. In FEM-SSR method, the elastic parameters and

forces acting on a slope forming material are also consid-

ered, unlike in the LE method.

In order to investigate the stability of the slope debris

and necessary measurements within the study area, the LE

and FEM-SSR analyses were evaluated together on the B–

B0 cross-section using the Slide v6.0 (Rocscience Inc.

2010) and Phase2 v8.0 (Rocscience Inc. 2011) computer

packages, respectively. Slide is a computer software that is

Table 3 The distribution of soil classifications and the geotechnical properties for the soil samples

Borehole

no.

Sample

no

cn (kN/
m3)

cs (kN/
m3)

% retained

4 no. sieve

% passed 200

no. sieve

LL

(%)

PL

(%)

PI

(%)

USCS C (kPa) / (�)

BH-2 1 17.3 18.3 0 50.0 56 34 22 MH 49.1 12

BH-3 1 17.5 18.4 1 84.0 52 28 24 CH 58.9 8

2 17.5 18.5 4 14.9 – – – SM – –

BH-4 1 17.8 18.9 3 80.3 62 31 31 MH 57.9 9

2 17.6 18.5 6 21.6 – – – SM – –

BH-5 1 18.1 19.2 1 50.4 51 30 21 MH 47.1 13

2 17.6 18.4 6 20.3 – – – SM – –

BH-6 1 17.2 18.1 9 59.6 58 31 27 MH 59.8 9

2 17.5 18.5 10 50.0 45 26 19 SC 42.2 15

BH-7 1 18.6 19.7 1 76.0 51 27 24 CH 60.1 8

BH-8 1 17.7 18.8 4 88.0 66 36 30 MH 55.9 9

2 17.7 18.9 19 50.0 55 31 24 SM 36.3 15

Min.–Max.

Ave.

– 17.3–18.6

17.7

18.1–19.7

18.7

0–19

5

88.0–14.9

53.8

45–66

55

26–36

30

19–31

25

– 36.3–60.1

51.9

8–15

10.9

LL liquid limit, PL plastic limit, PI plasticity index, cn natural unit weight, cs saturated unit weight, c cohesion, / internal friction angle
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frequently used for the calculation of FOS value for soil

slopes based on the LE method. The surfaces having dif-

ferent lithological characteristics and geometry can be

modeled in both simple and complex form by this software.

Slide also allows the users to define and analyze a ground

water problem using the same model as for the slope sta-

bility problem. Phase2 is a powerful and flexible software,

which uses the shear strength reduction (SSR) method

combined with the FEM and interpretation modules. In the

FEM-SSR method, the factor of safety (FOS) is symbol-

ized by the strength reduction factor (SRF). The SSR

method involves methodical use of FEM to determine a

SRF value that brings a slope to the verge of failure. The

shear strength parameters are scaled until the stability limit

is reached. The SRF value is the ratio between the actual

and the model strength at the stability limit. One of the

advantages of the SSR method is that there is no need to

the primary guess at definition of critical failure surface

(Kaya et al. 2015).

To understand the generation mechanism of the failure

and, to determine the triggering factors and the remedial

measures, the LE and FEM-SSR analyses were carried out

in three stages as follows.

Slope stability analysis for the pre-excavation case

In the first step, pre-excavation geometry of the slope was

modelled in the Slide software. The Mohr–Coulomb failure

criterion was chosen in the analysis model. The Janbu

Method (Janbu 1973) was preferred in LE analysis since

the length of the slope debris is bigger than its thickness

and it has a composite slide hazard. The static load due to

surrounding buildings was added into the model. For the

case of unfailed slope body, the shear strength parameters

of c 51.9 kN/m3 and / 10.9� obtained from CU tests were

used. The soil below the ground water table was assumed

to be saturated, thus saturated unit weight value of 18.7 kN/

m3 was inserted for this zone. According to the LE anal-

ysis, the FOS value of the slope having natural topo-

graphical geometry was determined as 1.272 (Fig. 8a).

In the second step, same model was analyzed in Phase2

software in order to control the result of LE analysis. In the

analysis model, finer zoning was applied and six-nodded

triangular finite elements were chosen in the mesh and the

Mohr–Coulomb failure criterion was applied. Edyn and mdyn
parameters obtained from the seismic refraction studies

were used in the model. Since the elastic-perfectly plastic

(EPP) model best replicates the LE analysis, slope debris

was considered to be EPP material and continuum media.

According to the FEM-SSR analysis performed, the SRF

value was found to be 1.29 (Fig. 8b).

It is very clear that the FOS values obtained from LE

and FEM-SSR analyses for pre-excavation case were

nearly same and greater than limit equilibrium (FOS = 1)

condition. Thus, any failures were not expected to occur for

the natural topographical geometry and the slope was

stable for pre-excavation case.

Slope stability analysis for the post-excavation case

and determination of critical slope height

It is important to know the effects of high steep slope

excavations on stability in terms of understanding the

causes and mechanism of the failure. Therefore, firstly, the

Fig. 7 c0–/0 graph of the slope

debris showing the back

analysis results
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analyzed models having different slope heights varying

between 1 and 13 m with close to right angles were gen-

erated using the Slide software in order to determine the

critical slope height (Hcritical) of debris unit crops out in

study area. In this stage, to define the short-term conditions

for each unfailed slope model, the shear strength parame-

ters obtained from CU tests were considered and the Mohr–

Coulomb failure criterion was employed in the Janbu

Method. Furthermore, the soil below the ground water

table was considered to be saturated and the building-in-

duced static loads were added same as the pre-excavation

analysis model. Secondly, the same models were analyzed

in Phase2 computer package to control the accuracy of LE

results. An example of the LE and FEM-SSR analyses for

the cut slope with 13 m height is presented in Fig. 8c, d. As

can be seen in Fig. 8c, the possible failure surfaces with a

safety factor smaller than one (FOS\1) obtained from LE

analysis are located in the landslide affected area. Con-

sidering the FEM-SSR analysis, the maximum deforma-

tions develop around the actual failure surface obtained

from inclinometer measurements (Fig. 8d). Results of the

LE and FEM-SSR analyses completely coincide with the

actual situation observed in the field.

According to LE analyses, the Hcritical value was found

to be 8 m based on the limit equilibrium condition

(FOS = 1) and FOS values over the critical height of 8 m

were tended to decrease (Fig. 9). It was also concluded that

the FOS values were remained constant at a value of 1.272

for slope heights lower than 4 m. However, the Hcritical

value was determined as 6.5 m according to FEM-SSR

analyses (Fig. 9). Since forces acting on a slope forming

material and elastic parameters are also taken into account

in FEM-SSR method, the result of the FEM-SSR analysis

seems to be more realistic than the LE analysis result.

These results show that the slope will be unstable over the

height of 6.5 m if it is not supported.

Therefore, some special measures were needed to pre-

vent the effects of the failure and to stabilize the affected

area.

Remedial measures

In the literature, there are various landslide remediation

methods include bridging, buttressing, flattening, rein-

forcement, rerouting, retaining walls, soil hardening, sur-

face and subsurface drainage, surface slope protection,

thermal treatment, unloading, and vegetation. (Turner and

Schuster 1996; Abramson et al. 2001; Ontigao and Sayao

2004; Duncan and Wright 2005; Fahimifar et al. 2013).

Because there is insufficient area for flattening, the

retaining wall was selected as the most economic and

reliable reinforcement type for the failed slope. In retaining

wall projects, determination of the lateral earth pressure

distributions is very important in terms of safety and cost.

Fig. 8 LE (a, c) and FEM-SSR (b, d) analyses evaluated for pre- and post-excavation cases along the B–B0 cross-section
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Therefore, the lateral active force needed to be applied to

make the region stable should be identified before the

construction phase.

In order to determine the lateral active force, the Slide

software was used by means of LE method considering the

analysis model having a slope height of 13 m showing the

actual situation. The long-term stability model under a

pseudo-static seismic load and fully saturated case was

analyzed using the Janbu Method. Furthermore, the tension

cracks, composite slip surface and static loads were added

into the model. In long-term stability analyses, the soil

slopes are analyzed using drained strengths expressed in

terms of effective stress parameters. Back analysis of slope

failures is an effective means of determining residual

strengths of failed slope body. Therefore, the effective

shear strength parameters attained from the back analyses

were used in the analysis model.

The Black Sea Fault beneath the sea which is approxi-

mately 15 km away from Citlakkale District was taken into

account in seismic load calculation (Fig. 10). According to

earthquake catalogue prepared by Turkish Disaster and

Emergency Management Authority, seven earthquakes that

originated Black Sea Fault have occurred with a magnitude

larger than five (Mw[ 5.0) within last 50 years (AFAD

2016). The largest of them was 1968 Amasra-Bartin

earthquake with a magnitude of Mw = 6.6 in which 29

people were killed. In determination of the design ground

motion parameters, an earthquake with a magnitude of

Mw = 6.0 was considered. Taking into account the dis-

tance of the Black Sea Fault and type of ground (soft soil),

the peak ground acceleration (PGA) value was determined

to be 0.18 g using the Ulusay et al. (2004) attenuation

relationship suggested for Turkey. Thus, a seismic loading

of 0.18 g was applied into the analyze model.

For the stability of slopes, a FOS value that equal or

greater than 1.5 is usually preferred for static conditions

and a FOS value of 1.1 is required with earthquake effect

(KGM 2013). Therefore, a safety factor of 1.1 was con-

sidered acceptable for the long-term stability in this study.

According to analysis result, the lateral active force gen-

erated by the retaining wall has to be higher than 9524 kN

to make the region stable (Fig. 11).

Discussion

Cruden and Varnes (1996) reported that the geological,

morphological, and physical factors, and factors associated

with human activity are the main causes of landslides

observed in the world. According to recent studies, land-

slides in the eastern Black Sea region (EBSR) of Turkey

are triggered by dense rainfalls, weathering, high slope

angle and anthropogenic impacts. Some of the landslide

events occurred in EBSR having similar field characteris-

tics with this study are presented below.

Genc (1993) revealed that the road excavation at the toe

of slope and increasing ground water level in the colluvium

unit due to the heavy rainfall are the main causing factors

of Catak (Trabzon) Landslide. Akgun (2011) reported that

the high slope angle, ground water in debris unit and

undercutting of the slope toe through river erosion caused

an impending failure in Kurtun (Gumushane) District.

Avsar et al. (2014) indicated that the Aksu (Giresun)

Landslide occurred in completely weathered dasitic tuffs

triggered by the road excavation and rising of the ground

water level in toe zone. Topsakal and Topal (2015) pointed

out that the road excavation and percolations of surface

water into the colluvium unit are the main triggering
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Fig. 9 The graph showing the Hcritical value based on the LE and FEM-SSR analyses evaluated for different slope heights
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factors of the mass movement occurred in Meydancik

(Artvin) Province. Kaya et al. (2016) reported that the mass

movement in Gumushane city was encouraged by high-

steep slope excavation in debris unit, weathering of the

basement rock (granite), and ground water in the toe of

slope.

Inclinometer measurements taken from boreholes indi-

cate that the subsurface location of the mass movement in

Fig. 10 Tectonic map of the

Turkey showing Black Sea

Fault (Modified from Bozkurt

2001)

Fig. 11 LE analysis evaluated

for determining the lateral

active force of retaining wall

along the B–B0 cross-section
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the Citlakkale District takes place within the slope debris

(Table 2). The ground water level measurements show that

the failure surface around the toe zone is beneath the water

table (Fig. 5). Following a high steep toe excavation in this

zone, the natural stress balance was broken as a result of

unloading. Although the failure occurred end of the rainy

season, the influence of ground water at the toe zone

probably played an additional role on sliding. Throughout

the field investigations, it was noticed that the initial ten-

sion cracks close to slope face are followed by the next

cracks towards the residential area. Considering the LE

analysis model for post-excavation case, the slip surfaces

with a safety factor smaller than 0.5 concentrate close

vicinity of the cut slope (Fig. 8c). The FEM-SSR analysis

also shows that a large strain occurs and the plastic zone

extends through the slope after an excavation (Fig. 8d). All

these indicators prove that the high-steep excavation

caused a mass movement starting at the slope and pro-

gressing upwards. It is clearly seen that the findings of the

present study exactly coincide with the results of the

researches mentioned above. Therefore, constantly

increasing urbanization and growing population in EBSR

cause catastrophic environmental damage such as

landslides.

Conclusions

The Citlakkale District is located in Giresun city (NE

Turkey), where the slope debris crops out. The geological

material of the slope debris is mainly composed of clay,

silt, and sand. Immediately after the slope excavation to

establish a new settlement in the area, an impending failure

occurred in late-March 2014. In order to investigate the

causes and the mechanism of this failure, a geotechnical

study including engineering geological mapping, field

observation, drilling work, geophysical investigation,

sampling, laboratory testing, in situ monitoring, and sta-

bility analyses of the slope was performed. Inclinometer

measurements revealed that the failure mode is composite

with very slow velocity and failure started within the slope

debris. According to LE and FEM-SSR analyses, it was

determined that the slope having natural topographical

geometry was stable, but it loses stability following the

steep slope excavation over the critical height of 6.5 m.

Therefore, a measurement is necessary for the long-term

stability of slope. Application of a retaining wall with a

lateral active force higher than 9524 kN may prevent the

landslide movement and stabilize the area. In this study, the

anthropogenic effect in the site was determined to be the

most efficient factor caused the failure. This study also

reveals that use of the different methods in slope stability

studies has an extremely important role in understanding

the generation mechanism of mass movements, and

determination of the reliable and realistic precautions.
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